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Abstract. In this study, the authors evaluated the changes under the action of environmental 
factors, on the structure of free fatty acids in blood plasma of rainbow trout (Oncorhynchus mykiss), 
between spring-summer seasons. Maintenance and feeding conditions were the same for all specimens 
of rainbow trout studied. Were retained for this purpose, 20 individuals of rainbow trout with body 
weights between 200 and 250 grams, from which blood samples were collected. Structure 
determination of free fatty acids in blood plasma of rainbow trout, was performed using gas 
chromatography technique-mass spectrometry. Eicosapentaenoic acid (EPA) and docosapentaenoic 
(DHA) are the major fatty acids found in plasma of rainbow trout (Oncorhynchus mykiss). The 
purpose of this study was to determine the extraction procedure, the method of derivatization, 
temperature separation program and identification of fatty acids in fish plasma. During summer, there 
was an increase in strenght for most unsaturated fatty acids. 
 




The freshwater fish and ocean fish or marine, are important food resources for 
humans, due to nutritional and curative qualities they posed. Fish meat is easily digestible and 
is rich in high biological value protein in all essential amino acids are found (Venugopal, 
1996). Also, a considerable amount of unsaturated fatty acids, including those belonging to 
the ω3 and ω6 families, is found in fish meat (Ugoala et al., 2008; Kaba et al., 2009). 
It is very important to be known the seasonal variations in total lipids and fatty acids 
in muscle tissue, organs and blood plasma of fish, both economically and in terms of 
consumer (Kandemir & Polat, 2007). Lipids are among the most important biochemical 
components of fish (Aras et al., 2003), which are stored in muscles tissues (Haliloğlu & Aras, 
2002) and blood plasma (Booth et al., 1999), but also in various organs as liver, spleen or 
gonads (Hatano et al., 1989; Henderson, 1996; Tocher, 2003). In mammals, lipids are stored 
especially in adipose tissue (Nürnberg et al., 1998), and in their case, saturated fatty acids are 
predominant (Karolyi et al., 2009). Depending on the species of fish from which, lipids 
containing numerous chains of unsaturated fatty acids, which have a positive impact on 
human health. The studies have shown that a moderate consumption of fish meat, leads to a 
reduction of triglycerides and cholesterol. As a consequence of this, because of the activator 
factor role of unsaturated fatty acids on platelets decreases the risk of thrombosis, being 
responsible for heart attacks (Simopoulos, 2001). Other studies have demonstrated the 
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important role of n-3 fatty acids chains from fish meat in treating serious diseases, as breast, 
colorectal or prostatic cancer (Stripp et al., 2003; Hjartåker, 2003). 
Regarding to the requirement of fish for fatty, we have noticed that their lack of feed, 
lead to some morpho-physiological conditions, as reductions in growth rate, occurence of 
malformations in particular at the caudal fin, or skin depigmentation (Cahu et al., 2003). 
Because of the biological particularities, environmental conditions and diet exist 
significant differences between fish species, in terms of their fatty acid content. The 
investigation has shown that marine and ocean fish presents a higher level of unsaturated fatty 
acids, compared with freshwater fish (Ugoala et al., 2008). Mackerel (Scomber scombrus), 
herring (Clupea harengus), sprat (Sprattus sprattus) and sardines (Sardina pilchardus) 
containing the largest amounts of unsaturated fatty acids. Freshwater species, which have a 
high level of unsaturated fatty acids, is trout. 
Widely exploited, in different growth systems and in different regions of the world, 
rainbow trout (Oncorhynchus mykiss) is an important source of unsaturated fatty acids 
therefore need to be determined factors influencing their level. 
 
MATERIALS AND METHODS 
 
For this study, were randomly selected, both in the spring season and in the summer, 
20 specimens of rainbow trout (Oncorhynchus mykiss), with body mass between 200 and 250 
grams. The environmental conditions, feeding frequency and feed structure, were the all 
specimens studied. Fish came from the Fiad trout farm, subordinate unit to National Forest 
Authority, Wine Valley Forestry District, Bistrita-Năsăud County. 
From each sample 3 ml blood was collected trough cardiac puncture, using syringes. 
Collected blood was immediately transferred into heparinized containers and centrifuged at 
4500 rpm, for five minutes. Blood plasma obtained was transferred into Eppendorf tubes with 
useful volume of 2 ml then was transported at a temperature of 4oC for analysis laboratory. 
A gas chromatography-mass spectrometric (GC/MS) techniques was used to evaluate 
seasonal variation in quantitative fatty acids in rainbow trout plasma. Eicosapentaenoic acid 
(EPA) and docosapentaenoic acid DHA) are the major fatty acids found in fish. The aim of this 
work was to establish the extraction procedure, the derivatization method, the separation 
temperature program and the identification of the fatty acids from fish plasma. The extraction of 
the fatty acids was performed by mixing plasma and chloroform-methanol (2:1) during 30 
seconds at room temperature. A Trace DSQ ThermoFinnigan quadrupole mass spectrometer 
coupled with a Trace GC was used. Fatty acids were separated on a Rtx-5MS capillary column, 
30 m x 0.25 mm, 0.25µm film thickness, using a suitable temperature program. The fatty acids 
were derivatized to obtain methyl esters. The identification of fatty acids was obtained by 
comparison of fatty acids methyl esters (FAME) mass spectra with the mass spectra of FAME 
kits and of NIST library. Concentrations of majority of unsaturated fatty acids increased in 
summer time. 
 
RESULTS AND DISCUSSION 
 
Structure of fatty acids in blood plasma of fish, but also in various other organs or 
tissues are influenced by several factors: species, sex, age, temperature, degree of pollution, 
diet, season and origin of fish (fish from wild or aquaculture) (Weatherley & Gill, 1984, 
Christiansen et al., 1989). Recent studies have shown that the level and composition of fatty 
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acids are influenced by seasonal variations in water temperature, irregular type, affecting the 
fish food diet and behavior (Dutta et al., 1985). 
Fatty acid levels determined in this study had examined changes in two seasons, 
mainly due to changes in water temperature, while the structure of feed used and 
frequency of feeding were identical. Using gas chromatography technique (Fig. 1), fatty 
acids were derivate in methyl esters, to identify them by comparing the mass spectra of fatty 




      Fig. 1. Derivate fatty acids chromatogram      Fig. 2.Variation of total fatty acid in spring season and summer 
 
Following the determinations made and the percentage expression of saturated fatty 
acids (SFA) and unsaturated (UFA) of total fatty acids was found to increase the latter in 
summer compared to spring season, with 0.6% (Fig. 2). This percentage increase unsaturated 
fatty acids, is due mostly DHA docosahexaenoic acid (C: 22 ω3), which in summer presented 
a value of 31.58±0.72% for the summer season to reach the value 36.27±0.84%, thus 
registering an increase of 4.69%. Besides fatty acid docosahexaenoic DHA, the unsaturated 
fatty acids (UFA), only linoleic acid (C18: 2) (Fig. 3) has registered an increase of 1.78%. 
Other unsaturated fatty acids were determined a level that decreased in summer, compared to 
spring. Thus palmitoleic acid (C16: 1) decreased by 3.39% in summer season, recording a 
value of 2.23±0.12% of its initial value in the spring season being 5.26±0.31%. Oleic acid 
(C18: 1) decreased by 0.23%, having the spring season value of 20.22±0.62%, while in 
summer the value recorded to be 19.99±0.68%. A fairly significant decrease was (2.07%) 
recorded and if EPA eicosapentaenoic acid (C20: 4 ω3), in summer, compared to spring.   
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Fig. 4. Variation of saturated fatty acid in 
         spring season and summer 
Fig. 3.Variation of monounsaturated and polyunsaturated  











Regarding to saturated fatty acids (SFA) (Fig. 4) led, palmitic acid (C16: 0) decreased 
by 0.88% in summer (19.66±0.34%) compared with the spring season (20.54±0.49%). Stearic 
acid (C18: 0) instead showed an increase of 0.27% from 4.58±0.23% value of the spring 
season and reached 4.85±0.14%.  
In plasma were identified a total of seven major fatty acids: palmitoleic acid, palmitic 
acid, linoleic acid, oleic acid, stearic acid, EPA, DHA. Acid DHA represents 31% of total 
fatty acids, and followed by 20% palmitic acid and oleic acid, 18% (Tab.1). It was also 
identified and a significant amount of EPA, 10%. It can be seen as a remarkable concentration 
of PUFA, about 52%, due to EPA and DHA acids that are specific to the lipids from marine 
fish. 
 
 Tab. 1 
Fatty acids composition of rainbow trout  (Oncorhynchus mykiss) plasma 
 
% of total  fatty acids 
Spring  Summer  Fatty acids Retention time (min) X±sx V% X±sx V% 
Palmitoleic  16:1 22.51 5.62±0.31 24.75 2.23±0.12 24.77 
Palmitic  16:0 22.75 20.54±0.49 10.71 19.66±0.34 7.73 
Linoleic  18:2 24.81 4.17±0.16 16.88 5.95±0.23 17.31 
Oleic  18:1 24.86 20.22±0.62 13.77 19.99±0.68 15.23 
Stearic  18:0 25.13 4.58±0.23 22.88 4.85±0.14 13.12 
EPA 20:4 26.77 10.34±0.40 17.38 8.27±0.30 16.20 
DHA 22:6 28.71 31.58±0.72 10.15 36.27±0.84 10.31 
 
The results of this study shown that in plasma of rainbow trout (Oncorhynchus mykiss) 
are significant quantities of DHA, particularly in summer when the level of this acid (36.27%) 
takes to increased in the content of polyunsaturated fatty acids (PUFA). Other studies focused 
on the polyunsaturated fatty acids in various organs of muscular or rainbow trout, reported 
lower levels of docosahexaenoic acid, DHA, including in summer (Kalyoncu, 2010), which is 
why we say that blood plasma has a higher content of polyunsaturated fatty acids compared 
with other organs or tissues. Sargent (1996) reported that polyunsaturated fatty acids of type ω 
3 PUFA, especially DHA, plays an important role in maintaining structural and functional 
integrity of cells in the body over. Freshwater fish normally contain polyunsaturated fatty 
acids of type ω 6 PUFA, marine fish being richer in ω 3 type fatty acids, especially DHA and 
EPA. Fatty acid composition of fish is highly variable and is also due to biotic and a biotic 
factors as season, type and quantity of food availability, water temperature, water pH, salinity 




An increase in the level of fatty acids n-3 and n-6 in human diet is essential in preventing 
coronary heart disease by reducing serum lipids and even reduce cancer risk. Our study demonstrates 
that rainbow trout (Oncorhynchus mykiss) is a freshwater species with high nutritional value for 
human consumption due to high levels of fatty acids n-3 and n-6. 
The results of this study show that in summer due to increasing water temperatures and 
changes of appetite and food behavior of rainbow trout (Oncorhynchus mykiss), the unsaturated fatty 
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